Abstract Extracellular nucleotides modulate a wide number of biological processes such as neurotransmission, platelet aggregation, muscle contraction, and epithelial secretion acting by the purinergic pathway. Nucleotidases as NTPDases and ecto-5′-nucleotidase are membraneanchored proteins that regulate extracellular nucleotide concentrations. In a previous work, we have partially characterized an NTPDase-like activity expressed by rat submandibular gland microsomes, giving rise to the hypothesis that membrane NTPDases could be released into salivary ducts to regulate luminal nucleotide concentrations as was previously proposed for ovarian, prostatic, and pancreatic secretions. Present results show that rat submandibular glands incubated in vitro release membrane-associated NTPDase and ecto-5′-nucleotidase activities. Electron microscopy images show that released membranes presenting nucleotidase activity correspond to exosome-like vesicles which are also present at microsomal fraction. Both exosome release and nucleotidase activities are raised by adrenergic stimulation. Nucleotidase activities present the same kinetic characteristics than microsomal nucleotidase activity, corresponding mainly to the action of NTPDase2 and NTPDase3 isoforms as well as 5′-nucleotidase. This is consistent with Western blot analysis revealing the presence of these enzymes in the microsomal fraction.
Introduction
Extracellular nucleotides such as adenosine triphosphate (ATP), adenosine diphosphate (ADP), uridine-5′-triphosphate (UTP), and uridine diphosphate (UDP), signalling via purinergic(P2) receptors, participate in a wide number of biological processes such as neurotransmission, platelet aggregation, muscle contraction, and epithelial secretion. The regulation of the concentrations of these nucleotides at the cell surface is therefore crucial for these functions. The most important family of ectonucleotidases that hydrolyses these molecules belongs to the ectonucleoside triphosphate diphosphohydrolase (ENTPDase) family [1, 2] . Eight members of this family have been identified, which are either located at the plasma membrane (PM) and/or associated with intracellular membranes [3, 4] . NTPDase1, NTPDase2, NTPDase3, and NTPDase8 have their catalytic site facing the extracellular environment where they hydrolyse nucleoside triphosphates (NTP) and nucleoside diphosphates (NDP), including ATP and ADP, respectively. The hydrolysis of AMP to adenosine and Pi is catalysed mainly by the ecto-5′-nucleotidase [5] .
Digestive-associated glands as salivary glands and pancreas express different actors of the purinergic system. In submandibular gland (SMG), metabotropic (P2Y 1 , P2Y 2 ) and ionotropic (P2X4, P2X7) receptor subtypes were found, both in basolateral and luminal membranes in acinar and ductal cells [6] [7] [8] . It was demonstrated that P2X7 activation regulates ionic currents and saliva volume and also induces reactive oxygen species production and inflammatory responses [9] [10] [11] .
Salivary glands also express different NTPDase isoforms that contribute to regulate nucleotide concentration in these systems [12] . NTPDase1 was identified by immunohistochemistry in mucous acinar and ductal cells and also zymogen granules of mouse submandibular salivary gland [13] . NTPDase2 and ecto-5′-nucleotidase are co-expressed with NTPDase3 in mouse parotid and submandibular serous acinar cells but not in ductal cells [14] . Although all these enzymes are considered as PM-anchored proteins, the expression of NTPDase1, NTPDase2, and NTPDase3 has been also described in Golgi and endoplasmic reticulum (ER) membranes [15] [16] [17] [18] . Particularly, NTPDase1 and 5′-nucleotidase expressed by pancreatic acini are released within the pancreatic juice to contribute with the control of ATP, ADP, and adenosine levels in the duct system [19, 20] .
In a previous work, we have partially characterized an NTPDase-like activity expressed by rat SMG microsomes highly enriched in the rough ER. Immunohistochemical experiments confirmed the localization of NTPDases in PM and intracellular membranes both in ductal and acinar cells [21] . Those results let us to hypothesize that SMG cells could liberate NTPDases to the ducts to regulate ATP and ADP concentrations and modulate purinergic signaling.
Materials and methods

Reagents and solutions
Unless otherwise noted, all reagents were purchased from Sigma Chemical Co. (St. Louis, MO, USA).
Antibodies
All the primary antibodies used in this study have been previously characterized and validated: rabbit anti-rat NTPDase1 (rN1-6 L I5); rabbit anti-rat NTPDase2 (rN2-6 L ); rabbit anti-rat NTPDase3 (rN3-1 L I5); guinea pig anti-rat NTPDase8 (rN8-8 C I5); and rabbit anti-rat ecto-5′-nucleotidase (rNu-9 S I5) [22] [23] [24] [25] . More details concerning these antibodies are available at http://ectonucleotidases-ab.com/.
Submandibular glands
Animals were treated in accordance with European Committee guidelines concerning the care and use of laboratory animals. Wistar rats were sacrificed by exposure to ether and subsequent cervical dislocation. The submandibular glands were removed and separated from the surrounding connective tissue and sublingual glands.
Membrane fractions
Microsomes were prepared as previously reported [21] . Clean glands were weighed, minced on ice, and homogenized in c o l d b u f f e r ( 1 0 m M 4 -( 2 -h y d r o x y e t h y l ) -1 -piperazineethanesulfonic acid (HEPES), pH 7.0, 0.3 M sucrose, and 1 mM of the protease inhibitor PMSF) using a Teflon/glass homogenizer. The homogenate was centrifuged for 20 min at 10,000×g and the supernatant for 30 min at 27, 000×g. This pellet was suspended in the same buffer to obtain the microsomal fraction (P-27), and supernatant was centrifuged again for 1 h at 100,000×g to obtain a PM-enriched fraction (P-100). The protein concentration was determined using the Pierce BCA protein assay (Thermo Scientific) with bovine serum albumin as standard.
Hydrolytic activity in isolated membranes
Nucleotidase activity was measured at pH 7.2 and 37°C following Pi release. The media contained 50 mM 3-(N-Morpholino)propanesulfonic acidtris(hidroximetil)aminometano (MOPS-Tris), pH 7.2, 100 mM KCl, 1 mM ethylene glycol tetraacetic acid (EGTA), and 3 mM MgCl 2 . EGTA was added to chelate contaminant calcium and avoid the activation of sarco-endoplasmic reticulum calcium ATPase. Reactions were started by addition of ATP to media with 0.04-0.08 mg vesicular protein per milliter, preincubated for 5 min at 37°C. At the selected times, the reactions were stopped by equal volume of 10 % cold trichloroacetic acid. Sodium azide (10 mM), suramin (different concentrations), or concanavalin-A (50 μg/ml) was included together with the microsomes when their effects on ATPase activity were evaluated. Pi production was determined with the colorimetric method of Baginski, based on the formation of a complex between Pi and ammonium molybdate [26] .
Hydrolytic activity from submandibular gland Each gland cut into pieces of 30-40 mg was first washed by immersion for 15 min in cold physiological solution (PS) (115 mM NaCl, 5 mM KCl, 5 mM glucose, 10 mM HEPES, 25 mM NaHCO3, pH 7.4), bubbled with carbogen (95 % O 2 :5 % CO 2 ), and then incubated for 30 min in PS at 37°C with gentle shaking, with different additions according the experiment. When glands were removed after incubations, media were centrifuged for 15 min at 2,000×g to separate cells or debris. Then, supernatants were centrifuged for 60 min at 27,000×g and pellets washed in PS, centrifuged again, and suspended in PS. Finally, 3 mM MgATP (or MgADP or MgAMP) was added to gland containing media or to suspended pellets, and several samples were taken at different time up to 15 min to measure Pi concentration. Same results were obtained when pellets were suspended in the MOPS-Tris buffer at pH 7.2 used in experiments with isolated membranes.
Western blot Electron microscopy
Microsome preparation was fixed in 2.5 % glutaraldehyde for 60 min at room temperature and fixed in 1 % osmium tetroxide for 60 min. It was dehydrated and embedded in LX-112 resin, and sections were contrasted with 2 % uranyl acetate and observed in a JEOL 1200 EX electron microscope operated at 80 kV accelerated voltage. Extracellular vesicles suspended in phosphate-buffered solution (PBS; pH 7.2) were seeded (5 μl) on a grid covered by acrylic membrane and allowed to settle for 20 min at room temperature. Excess PBS was removed by wicking with filter paper before fixation with 2 % paraformaldehyde, 2 % glutaraldehyde, and 0.05 M phosphate solution for 2 min. Grids were washed three times with distilled water prior to application of 1 % phosphotungstic acid counterstain for 1 min. Excess liquid was allowed to dry overnight at room temperature. Grids were analyzed with a Zeiss EM 109T transmission electron microscope equipped with digital camera Gatn ES1000W.
Results
Ecto-ATPase activity from SMG SMG was incubated in a physiological solution, and Pi production was measured after 3 mM MgATP addition. Nucleotidase activity had similar kinetics to that previously observed in microsomes and could be attributed to NTPDases [21] ( Fig. 1) . These results are consistent with the presence of ecto-ATPases in the rat SMG, either embedded in the basolateral or luminal membranes or released into the incubation medium.
When SMG fragments incubated without nucleotides were removed, the addition of MgATP, MgADP, or MgAMP to 1, 000×g centrifugated media showed the apparent presence of NTPDases and 5′-nucleotidase (not shown). Since nucleotidase activities in supernatants were high enough to support the hypothesis of gland secretion, we aimed to determine the following:
1. Whether enzymes were released in "soluble" forms or inserted in membranes 2. Whether enzymes release could be increased by salivary secretion agonists 3. The identity of the enzymes contributing to nucleotidase activity Hydrolytic activity released by SMG NTPDase1, NTPDase2, NTPDase3, and NTPDase8 and ecto-5′-nucleotidase are membrane enzymes, so if they are released to extracellular media, they should be part of some type of vesicles. According to this, nucleotidase activity was found on 27,000×g pellet (P 27000 ) obtained from gland incubation media after a first centrifugation at 2,000×g to separate detached cells and cellular debris. We also found that ATPase, ADPase, and AMPase activities in P 27000 , as well as protein concentration increased when gland fragments were incubated with the adrenergic Protein samples (35 μg) from SMG whole homogenate, microsomal fraction (P27), and post-microsomal fraction (P100) were loaded on a NuPAGE® Novex® Bis-Tris 4-12 % gel or on a 10 % acrylamide gel, under non-reducing conditions, transferred to a nitrocellulose membrane, and incubated overnight at 4°C under agitation with primary antibodies. Pre-immunized serum was used as negative control. Immune complexes were visualized with secondary peroxidase-conjugated antibodies, using a chemiluminescent kit (GE Healthcare Europe, Saclay, France). In some experiments, protein samples were deglycosylated with PNGase F following the manufacturer's protocol but strongly diminishing the amounts of reducing agent to avoid antibodies inactivation (New England BioLabs, Ipswich, USA).
secretagogues isoproterenol ( Fig. 2 and Table 1 ) or epinephrine (not shown). Proteins in the pellet were 9.2±0.5 and 15.9 ±1.5 ng/mg (mean SEM, n=9) of wet gland after incubation without or with 0.1 mM isoproterenol, respectively, that is, an increase of 1.8 times. In the supernatant remained a low ATPase activity constant over time which was not increased by isoproterenol.
ATPase activity (Figs. 1 and 2) can be interpreted as the sum of two components, which could originate from two different enzymes. The major fraction (≥80 %) was unstable decaying exponentially with a T 1/2 of 2-3 min and could be attributed to NTPDase2. This assumption is based on ATPdependent inactivation reported first for some rat Mg-ATPases or ecto-ATPases [27] [28] [29] [30] and more recently, since NTPDases have been identified and cloned, for human NTPDase2 [31] . The stable (final) ATPase activity was similar to ADPase activity and could be due to NTPDase1, NTPDase3, or NTPDase8.
Unstable ATPase activity attributed to NTPDase2 was the largest in the pellet and the most increased by isoproterenol. Although the mechanism of NTPDase2 inactivation during ATP hydrolysis is unknown, the enzyme was stabilized by addition of the tetravalent lectin concanavalin-A (Con-A) to the incubation medium before substrate [31] . We measured pelleted nucleotidase activity with 3 mM ATP in the absence or presence of 50 μg/ml Con-A (Fig. 3) . As expected, Con-A prevented time-dependent inhibition of basal and isoproterenol-dependent ATPase activity, reinforcing the proposal of NTPDase2 as the main secreted ATPase.
Microsomal ATPase activity
Microsomal NTPDases could be a reserve of enzymes for the plasma membrane and, in view of our results, to be released into the duct. We measured Pi production during incubation Fig. 2 Time dependence of baseline and isoproterenol-stimulated nucleotidase activity released to incubation medium. After 30 min of gland incubation in the absence (black circle) or in the presence of 100 μM isoproterenol (black square), incubation media were centrifuged 15 min at 2,000×g and 60 min at 27,000×g; the last pellets were suspended into fresh PS containing 3 mM ATP. a Pi production was measured at several incubation time points. b Pi production rates at different times were fitted to an exponential decay function. The difference between total (black square) and baseline (black circle) activities represents the nucleotidase activity liberated by the action of isoproterenol (white triangle). Data are mean±SEM, n=10 Fig. 1 Submandibular gland nucleotidase activity. After 30 min of SMG incubation in PS, Pi production was measured at different times after addition of 3 mM MgATP. Data are mean± SEM, n=3. Pi production rates at different times were fitted to exponential decay function indicating that 85 % of initial ATP hydrolysis rate decayed with a T 1/2 around 3 min. White circle: total Pi production (μmol/mg wet gland). Black circle: Pi production rate (μmol Pi/mg wet gland/min) time with different ATP concentrations (Fig. 4) . As observed when glands were incubated with 3 mM MgATP ( Figs. 1 and 2 ), accumulated Pi did not follow linear functions with time, revealing decreasing hydrolysis rates. After 2-min incubation, the relation "[Pi]/ initial [ATP]" was around 36 and 4 % for 0.1 and 3.0 mM ATP, respectively. Data were fitted with exponential functions which were then derived to obtain initial velocities. The inset in Fig. 4 [32] . Here, we measured ATPase activity with 3 mM ATP in the presence of suramin concentrations spanning more than three orders of magnitude and observed that the rate of Pi production diminished along all the tested inhibitor range (Fig. 5 ). Data were fitted with a biphasic sigmoidal curve, and two IC 50 (0.019 and 0.507 mM) were calculated. Using the apparent Km=0.3 mM deduced from Fig. 4 , the Ki values estimated in our microsomes using Cheng-Prusoff equation were 0.018 and 0.046 mM, similar to those reported for Table 1 ATPase, ADPase, and AMPase activities in 27,000×g pellet from incubation media obtained after gland incubation without (B) or with (S) 0.1 mM isoproterenol. Initial (I), final (F), and time sensitive (I-F) ATPase activity values resulted from exponential adjustments of the curves in Fig. 2b Fig. 3 Concanavalin-A reduced the time-dependent inhibition of nucleotidase activity. After 30 min of gland incubation in the absence (black circle) or in the presence of 100 μM isoproterenol (black square), incubation media were centrifuged for 15 min at 2,000×g and 60 min at 27,000×g; the pellets were suspended into fresh PS and preincubated in the presence of concanavalin-A. Pi production from 3 mM MgATP was measured at different incubation times. Data are mean±SEM, n=3 NTPDase2 and NTPDase3 and markedly lower than the one reported for NTPDase1. Sodium azide (NaN 3 ) is known to inhibit NTPDase1, NTPDase3, and NTPDase8 to variable extents but not NTPDase2 [3] . Figure 6a shows Pi production by microsomes incubated with 3 mM ATP in the absence or presence of 10 mM NaN 3 . From the relation "[Pi]/initial [ATP]" at the end of the experiment, we estimated ATP hydrolysis that was always <10 %. Calculation from data in Fig. 6a, b shows exponential fitting of dPi/dt versus time, to obtain the initial activities (A i ), final activities (A f ), and time to reach 50 % of the fall (T 1/2 ). As proposed above, two functional components can be identified in the absence of Con-A, (a) an unstable initial ATPase activity ([A i -A f ]), progressively reduced during the hydrolysis reaction and not affected by NaN 3 , representing approximately 60 % of the total activity and consistent with NTPDase2 and (2) a stable ATPase activity (A f ) inhibited ∼50 % by N 3 Na. T 1/2 was around 1 min in both conditions, indicating that the inhibitor had no significant effect on inactivation mechanism. A similar analysis was made in plasma membrane vesicles from rat myometrium, where the authors reported the simultaneous activation by ATP of a labile enzyme and of a stable enzyme inhibited by NaN 3 [33] . Figure 6 also shows that ATPase activity remained constant when Con-A was added to incubation medium before ATP, indicating that unstable activity can be attributed to a glycosylated protein, presumably NTPDase2 as discussed above.
Electron microscopy
NTPDase activity released to the incubation media presented the same kinetic characteristics to that of microsomal NTPDase activity. These results strongly support the hypothesis that, as was described for the pancreas [19] , NTPDases could be released into microvesicles during salivary secretion. Using electron microscopy approach, we analyzed pellets obtained from incubation media without or with isoproterenol after centrifugation at 27,000×g (Fig. 7a) . We found spherical vesicles <150 nm in diameter in both pellets, although we dare not differentiate them in number or quality. Interestingly, similar vesicles were found in the P27 of the homogenized gland (microsomes) obtained with the same centrifugation speed (Fig. 7b) .
Western blot in isolated membranes from homogenized glands
We performed specific Western blot analysis to identify the enzymes responsible of released nucleotidase activity. We analyzed the microsomal fraction obtained from the 27, 000×g pellet (P27) where rough endoplasmic reticulum Fig. 5 Effect of suramin on microsomal nucleotidase activity. Microsomes were preincubated for 5 min at 37°C in standard medium with different suramin concentrations before addition of 3 mM ATP for 1 min reaction (mean±SEM, three independent experiments by duplicate). The curve is a "two-site competition function" fitted with Sigmaplot 11 software y ¼ min
Fig . 6 Effect of incubation time, crosslinking, and sodium azide addition on microsomal nucleotidase activity. a Accumulated Pi as a function of time when microsomes ([protein]=0.03-0.05 mg/ml) were incubated with 3 mM ATP, in the absence (black square) (6≤n≤14) or presence (n=3) of 10 mM N 3 Na (triangles) or 50 μg/ml Con-A (white circle). Data are mean±SEM. b Pi production rate calculated by differentiation of data in a. Data fitted with exponential functions gave k=0.65±0.15 (black square) and 0.43±0.06 min −1 (white triangle). Curves were compared using GraphPad Prism software. Both k constants did not present significant differences (p<0. 1) membranes (RER) predominate and from the PM-enriched fraction resulting from centrifugation at 100,000×g of the 27, 000×g supernatant (P100).
In our previous work [21] , we used an antibody directed to a conserved region of plasma membrane NTPDases to reveal their presence in microsomes. Additionally, such NTPDases were found in cytosol and PM of acinar and ductal cells with stronger reactivity in the luminal pole. Here, we tested specific antibodies against NTPDase1, NTPDase2, NTPDase3, and NTPDase8 and also ecto-5′-nucleotidase, in P27 and P100. Figure 8 shows the presence of NTPDase1, NTPDase2, and NTPDase3 and also ecto-5′-nucleotidase in both fractions, as well as the absence of NTPDase8. The semiquantitative method used herein did not allow detecting significant differences between the amount of NTPDase2 and NTPDase3 present in the microsomal-enriched fraction (P27) and the plasma membrane-enriched fraction (P100). Three NTPDase isoforms as well as ecto-5′-nucleotidase were present in the P27 fraction in a glycosylated form, as demonstrated by the effect of PNPG deglycosylase (P27dg, Fig. 8 ). However, only NTPDase 1 isoform was expressed in a complete deglycosylated form in the microsomal fraction (P27) as shown by high amounts of 55-kDa deglycosylated protein in this fraction. Both NTPDase2 and NTPDase3 showed similar pattern for microsomal (P27) and membrane-enriched (P100) fractions. They showed a majority band corresponding to whole glycosylated form higher than 70 kDa, accordingly with expected size. However, a lower and thin band could also be observed, corresponding maybe to a partially glycosylated or truncated form. Supplementary Fig. 1 shows control experiments performed replacing polyclonal antibodies by the corresponding pre-immunize serums, at the same work dilution. There were no unspecific signals using pre-immunized serums. Fig. 7 Electron microscopy images. a Pellet obtained from gland incubation medium after isoproterenol treatment (P 27000 ). b Microsomal fraction (P27) where arrows indicate nanovesicles. Bars represent 200 nm Fig. 8 Western blots of NTPDase isoforms in rat SMG microsomal and plasma membrane-enriched fractions. Samples (35 μg protein) from rat SMG microsomal fraction (P27) or plasma membrane-enriched fraction (P100) were immunoblotted using different nucleotidase polyclonal antibodies (dilution 1/4,000; 1/1,000 or 1/500) as indicated. Deglycosylated SMG microsomal fractions (P27dg) were obtained using PNGase F enzyme as indicated by the manufacturer
Discussion
As ATPases were identified in ovarian, prostate, and pancreas secretion fluids, the authors have proposed that these enzymes could be secreted to regulate luminal nucleotide concentrations [19, 20, [34] [35] [36] . Enzyme release would be associated to microvesicles, although the mechanisms are unclear of how the vesicles are leaving the cell and how the correct orientation of the enzymes is achieved.
Here, we show that incubation of SMG in a physiological solution at 37°C produced the release of membraneassociated NTPDase and 5′-nucleotidase-like activities. ATP hydrolysis has the same kinetic characteristics as observed in microsomes. Electron microscope images show that released membranes are exosome-like vesicles with a diameter <150 nm. Similar vesicles were found among microsomes, where rough ER predominates. The release of membraneassociated functional nucleotidases was stimulated by the adrenergic secretagogues isoprenaline and epinephrine. To our knowledge, this is the first report of NTPDase and 5′-nucleotidase release by salivary cells and autonomic regulation of such liberation.
We performed a kinetic analysis of NTPDase activity in the microsomal fraction. First, we compared ATP and suramin dependence of ATPase activity with data obtained for recombinant rat NTPDases [32] . Our results gave an apparent Km value (0.30 mM) that falls between those reported for NTPDases 2 and 3, which are markedly higher than the value from NTPDase1. This result is compatible with simultaneous activation of NTPDase2 and NTPDase3, with similar affinity for ATP. The sensitivity to suramin is also consistent with the inhibition of NTPDase2 and NTPDase3, being NTPDase1 much more resistant and probably representing ≤10 % of total microsomal ATPase activity. We also analyzed the effects of time and NaN 3 on ATPase activity in SMG microsomes and observed again that at least two different NTPDases contributed to ATP and ADP hydrolysis. An unstable and azideresistant activity can be assigned to NTPDase2, like the human ecto-ATPase [31] , and the stable and azide-sensible activity could be attributed mainly to NTPDase3, both coexpressed with ecto-5′-nucleotidase in mouse submandibular acini [14] . Western blots with specific antibodies indicate that NTPDase1, NTPDase2, and NTPDase3 and ecto-5′-nucleotidase are all present in the microsomal fraction (P27) and in the PM-enriched post-microsomal fraction (P100). Kinetic analysis confirmed the presence of active forms of NTPDase2 and NTPDase3 as well as ecto-5′-nucleotidase. NTPDase1 could be responsible of a minor fraction of microsomal ATPase activity, what is consistent with previous results showing that this enzyme is not functional when localized in intracellular membranes [18] .
The inactivation mechanism seen for some NTPDases is still unknown. The lectin Con-A, which is known to crosslink glycoproteins, reduces initial activity but prevents substrate inactivation in human NTPDase2 [31] and enhances human NTPDase3 activity [37] , although the latter displays a linear time course of ATP hydrolysis in the absence of Con-A. We observed that preincubation with Con-A prevented inactivation when both submandibular fragments and microsomes were incubated with 3 mM ATP, consistent with previous and present results showing the expression of glycosylated NTPDase2 in rat SMG microsomes (Fig. 8) [21] .
Microsomes consist mainly of RER vesicles. In the living cell, ecto-enzymes inserted into RER membranes should have their active sites into the reticulum to have the correct orientation when they arrive at the PM. The rupture of the RER membranes during tissue homogenization generates the formation of spherical vesicles surrounded by ribosomes, although some of them could be reversed [38] allowing measurement of the activities studied in this work. However, Fig. 7b shows that among microsomes pelleted at 27,000×g, there are small vesicles without ribosomes which may correspond to the vesicles originally contained within multivesicular bodies (MVBs) and called exosomes when released into the extracellular medium. Endosomes formed by PM invagination would generate small vesicles by new invaginations, giving rise to the MVBs. So, internalized ectoenzymes would be oriented with their active site to the extracellular medium in the released vesicles when the MVBs merge with the PM [39] .
In submandibular glands, there are P2Y 1 , P2Y 2 , P2X4, and P2X7, both on acinar and ductal cells. Intraductal injection of ATP or UTP decreased the salivary Cl − concentration significantly in a dose-dependent manner, a process associated with regulation of CFTR channels. However, an ATP concentration high enough to have the physiological effect could not be detected in saliva, suggesting that its effect could be prevented by a high ecto-ATPase activity in the ducts [40] . P2X7 receptors would be the main responsible for the ATP response in this tissue. Purinergic receptor agonist-stimulated salivation was suppressed by more than 70 % in submandibular glands from P2X7 null mice [10] . At least one EC 50 is >100 μM ATP for this receptor [8, 41] , which is consistent with the high ATP Km we measured for microsomal NTPDases. Intracellular NTPDases could be a stock of PM enzymes, and there are some previous reports about intracellular localization of cell surface NTPDase isoforms. In this way, it was suggested that P2X receptor activation stimulates insertion of intracellular latent NTPDase2 into the plasma membrane, in a way to sustain hydrolysis capacity given enzyme inactivation [16] . Ivanenkov et al. reported that human NTPDase3 becomes catalytically active in the ER or in the ER-Golgi intermediate compartment [15] . Additionally, it was shown that alternative splicing of the rat NTPDase2 gene produces an NTPDase2b isoform, which has combined cell surface and intracellular localization [17] . NTPDase1 could be present but inactive in our intracellular membranes as was proposed by Zhong et al. [18] who reported that the enzyme is not active until it is fully glycosylated in PM.
Present results demonstrate that adrenergic stimulation of rat submandibular gland increased the release of nucleotidase activities. The kinetic profile indicates that NTPDase2 is the main secreted activity, followed by NTPDase3 and ecto-5′-nucleotidase. Electron microscopy images show nanovesicles compatible with exosomes that would be the vehicle for released enzymes. NTPDases released to the ducts could contribute to regulate luminal ATP, ADP, and adenosine concentrations that activate purinergic receptors.
